








Immobilization technologies could be used to reduce solubility of uranium or other constituents in waste.
Uranium immobilization technologies include:

°  Performing pretreatment of soluble uranium (U%*) to immobilize it as an insoluble mineral.

® Using Apatite II™ and zero-valent iron as reactive barriers or geochemically reactive fill
additives in the waste disposal layer.

In terms of hazardous constituents, an example would be mercury. Although not very mobile in most soil
environments, mercury immobilization can be improved by adding sulfur or sulfur-containing compounds
to fill soil when disposing of mercury-containing materials to promote formation of highly insoluble
mercury sulfide or cinnabar. Wastes containing mercury below specific limits and not considered
hazardous (e.g., those that do not carry the D009 code) would be the target of this type of treatment.
Toxicity characteristic wastes contaminated with mercury (D009 waste) must be treated to meet LDRs
prior to disposal. Waste to be immobilized could be disposed of in one area in the landfill to reduce the
area needed for application of geochemical immabilization technologies. Sustainable immobilization
requires compatibility with the regional biogeochemistry.

0.2.2.7.2 On-site Waste Treatment

For some waste streams, it may be advantageous to reduce leachability or meet WAC by implementing
some type of stabilization at the EMDF site. In the case of waste treated by grout stabilization (e.g., as is
completed at EMWMTF for higher activity waste or to provide waste stability), the additional weight of
wastes grouted at the generation site greatly increases the costs and risk associated with transporting the
treated waste from the generator site to the disposal facility. Mobile processing equipment would be
available at EMDF and located adjacent to the active disposal cell to allow for grouting to be carried out
within the landfill.

6.2.2.7.3 Cap Vegetation

As an alternative post-closure strategy, the long-term maintenance costs could be reduced and the
long-term stability of the EMDF cover system could be enhanced by early establishment of a controlled
forest cover. The uppermost layer of the EMDF landfill cover system will be vegetated to protect
underlying layers, reduce erosion, enhance evapofranspiration, and reduce infiltration, The mix of
vegetation must be appropriate to regional climate and cap soil conditions. Grasses are commonly
selected for cover vegetation because they can be rapidly established and grow shallow but dense root
systems that stabilize the cap’s surface. However, long-term maintenance of a grass cover requires
periodic mowing to prevent colonization by shrubs and trees. It is expected that mowing would cense
following the active institution control period.

One of the performance requirements for the EMDF cap is that it survive intact for more than 1,000 years
with little or no maintenance. Assuming that climate remains temperate and no building occurs on the
landfill, it is inevitable that the cap will undergo natural reforestation. It would therefore seem prudent to
design the cap with eventual reforestation in mind. Perhaps the best means to do this is to use the
expected post-closure maintenance period for the controlled establishment of a forest, so that a healthy
stand of climax trees species is present when maintenance ceases, A forest will accomplish the same
hydrologic goals of reducing infiltration, promoting run-off, and preventing erosion as well or better than
grasses, and has the added benefits of requiring little or no maintenance and better prevention of
inadvertent intrusion by making the site less attractive for use/clearing if administrative control is lost,

Objections to the establishment of forests on landfill caps include root penetration and pitting caused by
wind-throw (i.e., the holes where the tree’s roots have been pulled up). While the tap roots of some
eastern forest trees, such as hackberry and certain hickories, can extend more than 3 m (10 ft) into the soil
and could thus potentially disrupt cap layers, most common trees, such as oaks, poplar, walnut, most
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hickories, and cherry, root within the upper I m of the soil. These shallow root systems would be
beneficial by creating a zone of increased permeability that fosters rapid run-off as storm-flow, yet would
not impinge upon the synthetic and engineered cap layers. Further, the dense mat of interwoven roots
form an effective barrier to erosion and mass wasting,

Wind-throw of a shallow-rooted forest would create a pit-and-mound micro-topography that influences
soil formation and natural plant restoration in a manner that would be beneficial to cap stability.
Pit-and-mound topography slows erosion by acting to trap sediments and regenerate soil profiles within
the root plate area (Bormann, et al, 1995; Clinton and Baker, 2000; Ulanova 2000; Hancock, et al, 2011).
Trapping of sediments and organic matter restores soil productivity and, by providing fertile seeding sites,
increases plant diversity. If the cap forestation effort is managed to prevent the establishment of species
with deep tap roots, forestation of the cap would appear to be at least as beneficial, and possibly more
beneficial, than the typically accepted strategy of long-term protection via native grass/vegetation growth.

6.2.3 Waste Acceptance Criteria

A negotiated WAC attainment process was developed for the EMWMF (DOE/OR/01-1909&D3), which
involves the designation of four separate categories of WAC requirements (DOE 2001b) to define and
limit acceptable wastes, For a future on-site facility, similar tri-party negotiations would result in a WAC
attainment or compliance process that will be documented in a primary FFA document, the WAC
Attainment (Compliance) Plan, EMWMF WAC include four categories:

® Auditable Safety Analysis (ASA)-derived WAC: Derived from facility authorization basis
documentation for the EMWMF.

©  Physical WAC: Derived from operational constraints and contractual agreements for EMWMF
operations.

® Administrative WAC: Derived from ARARs in the EMWMF ROD (DOE 1999), and from
other agreements between DOE, EPA, and TDEC.

°  Analytic WAC: Derived from the approved risk assessment model in the EMWMF RI/FS and
RI/FS Addendum (DOE 1998a, DOE 1998b) for the EMWMF.

Similar categories of WAC are expected to be developed for a future on-site facility. The first two WAC
categories are not addressed in this RI/FS, but will be developed during design stages as safety basis
documents and operations plans are developed and appropriate waste limits incorporated into the WAC
Attainment (Compliance) Plan, The first category, ASA-derived WAC, controls disposal of radionuclides
based on a maximum credible release of material that might occur during an extreme wind event at the
operating facility. These WAC thus mainly address short-term external exposure risk to workers.

The second category, Physical WAC, address the physical form of acceptable waste items such as length
of piping, waste containers size and weight, dimensions of concrete rubble, addresses voids, etc. that are
manageable from a facility operations point of view. These WAC limitations are implemented to protect
the engineered liner and equipment during operations. It is expected that on-site facility WAC
limits/definitions within these two categories will be similar to the EMWMF ASA-derived and physical

WAC.

The third WAC category, Administrative WAC, includes excluded waste streams and limits on waste
streams as a result of ARARs or other policy issues. For example, the administrative WAC prohibits
disposal of transuranic waste, high-level waste, spent nuclear fuel, and Atomic Energy Act of 1954
Section 1le(2) byproduct waste. Figure 6-30 is a flowchart that summarizes exclusions under a
preliminary Administrative WAC, for an on-site facility. Excluded waste streams include physical forms
(liquid, gas) or defined waste streams (non-CERCLA/non-ORR waste, listed RCRA waste, etc.).
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Further waste exclusions based on definitions (e.g., greater than Class C and transuranic waste) have
quantitative limits. These preliminary Administrative WAC limits are summarized in Table 6-4. Other
Administrative WAC will be added in the development of a WAC Attainment (Compliance) Plan (e.g.,
possibly mercury depending on freatment method identified), or adjustments to these preliminary
Administrative WAC limits may be necessary. Finalization of the Administrative WAC is part of the
primary FFA document development.

The third step in the WAC flowsheet (Figure 6-30) introduces the fourth category, analytic WAC limits.
Analytic WAC limits are numerical contaminant limits based on contaminant fate and transport analysis
for specific receptor exposure scenarios, utilizing site-specific hydrogeologic data and design elements of
the EMDF (e.g., cover materials, thicknesses, etc.). Analytic WAC limits provide defense-in depth for
facility design to ensure long-term protection of human health and the environment from contaminant
releases, Selection of an On-site Disposal Alternative would require development of site-specific, analytic
WAC (isotope-specific activity concentration limits) and total facility inventory limits. These limits
would be designed to meet RAOs and limit residual risk. Modeling would be performed to calculate the
limits and demonstrate compliance with RAOs, as part of developing the WAC Attainment (Compliance)
Plan.

This RI/FS presents ranges, low to high, to bound future analytic, site-specific WAC (for individual
radioisotopes) rather than developing preliminary analytic WAC as was done for EMWMF at this
feasibility stage. The ranges specified herein have been developed using engineering practices and based
on a combination of analytic WAC for the current EMWMF, ORR landfill radiological limits, American
National Standards Institute (ANSI) free release criteria for radionuclides, and NRC Class A and C limits
as well as chemical properties (e.g., mobility and half life),

Appendix H presents a preliminary screening of potential radiological contaminants that would be
considered in developing an analytic WAC along with associated properties of those contaminants. That
screening resulted in a list of radioisotopes for which analytic WAC ranges are given in Table 6-5.
Preliminary inventories of isotopes in waste forecasted for disposal in an on-site facility have been
identified based on the Waste Lot data presented in Appendix A, as well as some facility specific
characterizations available from ARRA work approximately 3-4 years ago. (ORAU 2013). These
predicted, preliminary inventories (at closure) were used to organize the individual isotopes into groups as
given in Table 6-5. Within the groups of expected inventories, a ranking by first mobility (based on
partition coefficients [Kd]), and secondly on half life helps further indicate which contaminants have the
potential to be released from an on-site landfill and would pose a future risk. In addition to analytic WAC,
which are limits applied during acceptance of individual waste lots at a facility, total individual isotope
inventory limits for the facility as a whole will be determined and documented in a future primary WAC
Attainment (Compliance) Plan as noted in the table. Together, these two limits will ensure protection of
human health and the environment in the event of future releases.
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